complementation of the transformants is possible.
Coryneform bacteria
are Gram-positive microorganisms, wide-spread in nature, that have been used for industrial fermentation, such as L-glutamic acid,1} L-lysine,2) and other amino acid production. Brevibacterium flavum MJ233,3) belonging to the coryneform group, has some useful characteristics including the ability to metabolize ethanol as a sole carbon source, a rapid growth rate, and no autolysis under starvation condition. Therefore, we have been studying B. flavum MJ233 for the production ofchiral chemicals such as L-aspartic acid,3) lisoleucine,4) and L-malic acid.5) There have been no extensive studies on the practical improvement of these bacteria, since molecular genetic studies have not progressed for lack of an efficient genetic transformation system. However, some reports about the genetic transformation system have been reported.6"10)
These transformation methods for coryneform bacteria can be classified into two protocols: 1) transfection of protoplast cells7) and 2) addition of plasmid DNA to protoplast cells in the presence of polyethyleneglycol (PEG).6'8 " 10) These two methods are 443 still associated with problems including low transformation efficiency, difficulties of protoplasting, and a period of more than 10 days required to obtain transformants. In these problems, the most serious is the necessity for regeneration, because the mediumfor regeneration is too highly enriched to select transformants by auxotrophic complementation.
To overcomethese problems, we used elec- Richmond, CA). A 0.5% inoculum from an overnight culture of coryneform bacteria in ARmedium was inoculated into 100ml of the same mediumand grown with shaking (220rpm, 70cm stroke). When the O.D.610 of the culture reached 0.5, Penicillin G (Pen G) (1 U/ml) was added. After 2hr of incubation at 33°C, the cells were harvested from 10 ml of culture broth by centrifugation at 4°C for lOmin at 6,000rpm and were washed twice with 6ml of chilled deionized water, and once with 6ml of chilled transformation buffer (HG buffer), which contained 1 mMA^-2-hydroxyethyl-piperazine-Ar/-2-ethanesulfonic acid (HEPES) and 10% glycerol, pH 7.4. The cells were suspended in HGbuffer to a final volume of and 0.8ml of HG buffer was put onto the cell suspension gently to avoid mixing the two liquid layers. After one pulse, the cell suspension was diluted by a 5-fold volume of AR medium and incubated at 30°C for 1hr without shaking. Portions were spread on ARmediumagar plates containing 5/ig/ml of chloramphenicol (Cm) for cells transformed by pCRY3 and pAJ655, or 25/^g/ml of streptomycin (Sm) for pCG4. The pulse field strengths used were 6.25 kilo volts per centimeter (kV/cm) and/or 12.5 kV/cm.
Results and Discussion Cell preparation and electroporation conditions
Several reports have appeared concerning the high effectiveness of electroporation to obtain transformants using log phase cells.13?14) Transformation efficiency might be closely related to the physiological condition of the cell wall.
High voltage electroporation, such as 10 kV/cm or 12.5kV/cm, increased the transformation efficiency in some kinds of bacteria.14'2^These phenomena might indicate that transformation efficiency is also closely related to the physical change of the cell wall. Therefore, we investigated factors that might affect transformation by physiological and/or physical changes of the cell wall such as growth phase, effectiveness of Pen G, and pulse field strength.
1) Effects of growth phase. To attain high transformation efficiency using B. flavum MJ233, we examined the effects of the growth phase. The maximum number of transformants per fig ofpCRY3 DNAwas obtained at the middle-log phase. However, either at the very early or the late log phase, the numberof transformants was decreased by approximately one-tenth (data not shown). Therefore, the cells harvested at the middle-log phase were used for the following experiments.
2). Effects of Penicillin G concentration. Generally, a known inhibitor of cell wall synthesis, Pen G, is used to form protoplasts of coryneform bacteria.6'24'25) To increase the 445 
The number of surviving cells after the pulse was 4x l09. Electroporation was done at a cell concentration of5 x 1010/ml, amount of 1 /ig ofpCRY3 DNA, and a pulse field strength of 6.25kV/cm. transformation efficiency, the effects of the addition of Pen G to mediumas a pretreatment of cells were examined (Table  II) .
Addition of 1 U/ml of Pen G increased the transformation efficiency by approximately 2 orders of magnitude compared with the control.
3) Effects of pulse field strength and electroporation buffer. The above results were obtained using 6.25kV/cm of pulse field strength. As shown in Tables II and III, the effects of the pulse field strength on electroporation efficiency were examined. A pulse field strength of 12.5kV/cm had one order of magnitude higher efficiency than 6.25 kV/cm.
As shown in Table III , several electropo- Saturation was observed DNAabove 1.0yug. As shown in Fig. 1b , the number of transformants was increased by raising the cell concentration up to 5 x 1010 cells/ml. Application of the electroporation method to various coryneformbacteria As shown in Table IV In this report, we showed the electroporation as a novel efficient transformation method with plasmid DNAin intact cells, not only B. flavum MJ233 but also other coryneform bacteria. To confirm the possibility of using the electroporation method for selection of transformants using auxotrophic mutants, we constructed a plasmid, pCRY3-rr/?, which contained the tryptophan operon from the E. coli K-12 chromosome. Electroporation was done as described in Materials and Methods, and minimal medium was used for selection of transformants. After 3 or 4 days of incubation, the transformants appeared. Because of using minimal medium, the appearance of colonies was delayed 1 or 2 days compared with transformants obtained on AR medium. However, the number of Trp+ transformants was on a same order (5x lO4//xg DNA) to that of Cmr transformants. Also, we confirmed that deletion of plasmid pCRY3-trp in Trp+ transformants did not occur. All the above results suggest that intact cells can be used as host cells, therefore, auxotrophic complementation of transformation is made possible by high transformation efficiency, and this method is applicable to several types of coryneform bacteria so that it could become conventional for wide use in coryneform bacteria.
We believe that our method will lead to future progress in genetic studies.
